Numerous cultivars of the florist gardenia [Gardenia augusta (L) Merrill. = G. jasminoides J. Ellis] exist but there is confusion over naming as a result of different sources that apply different names to their materials. Two studies were conducted with (some) of the same plant materials to determine whether clear distinctions could be made. Comparisons were also made to other Gardenia species available to us. The isozyme study compared polymorphisms in seven enzyme systems in buffered leaf extracts using starch gel electrophoresis. Total genomic DNA was extracted recently matured leaves using the DNeasy Mini Kit (QIAGEN, Inc., Valencia, CA, USA) extraction protocol. Nine random 10-mer RAPD primers (Operon Technologies, Alameda, CA, USA) were selected for analyses. Gels were digitally imaged and analyzed to compile a presence/absence matrix. For the isozyme study, phosphoglucomutase (PGM), phos-phoglucoisomerase (PGI), and uridine diphosphoglucopyrophosphorylase(UDPP) were the only successful enzyme systems to yield clear interpretations for a total of 5 loci, and dendrograms based on Jaccard's or simple matching coefficients of similarity were very comparable. However, the three enzyme systems were not sufficient to uniquely fingerprint all of the G. augusta accessions. The RAPD analysis using the nine 10-mer primers showed well-defined (bootstrap values >80) groups: the G. augusta, with subgroupings and the G. brighamii and species. Both isozyme and RAPD analyses separated or matched cultivars of G. augusta as well as G. brighamii and other Gardenia species. Coupled with leaf and floral measurements and morphological descriptions, it is possible to distinguish among commercial florist gardenias in a decisive manner.
INTRODUCTION
The florist gardenia (Gardenia augusta = G. jasminoides; family Rubiaceae) is a woody shrub native to east Asia and widely cultivated as a garden ornamental in tropical regions and temperate greenhouses (Staples and Herbst, 2005) . The fragrant flowers are used as decorations and in corsages by florists. Many named double-flowered cultivars are available in the nursery trade, but names have been lost as plants have been traded among nurseries and homeowners. Brief descriptions of many cultivars can be found in the literature (Watkins, 1950; Everett, 1981; Huxley, 1992; Ruppert and Bradshaw, 1993) or plant patents (e.g., PP 93, 1934; PP 364, 1940; PP 622, 1944; PP 654, 1945) , but these often do not provide sufficient information to distinguish among similar-appearing cultivars. Additionally, gardenia is known to mutate and more than two dozen clones have arisen as bud sports (Watkins, 1950) , although new cultivars have also been selected from hybrid seedling populations (Milbocker, 1994) .
Although morphological traits and isozyme marker analysis have been used to distinguish cultivars and/or hybrids, both systems have limitations, the first due to environmental effects and the latter to selection of markers. Both isozyme and randomly amplified polymorphic DNA (RAPD) markers have been useful in determining genetic relationships among closely related species. Isozyme electrophoresis is chosen for its relative simplicity and because it provides direct visualization of gene products (Brewer 462 and Sing, 1970) and potentially can provide a unique fingerprint for each genetically distinct clone (Lebot et al., 1991) . RAPD analysis requires minimal preliminary work and is quick and robust (Demeke et al., 1992; Molnar et al., 2000) and has become widely used for routine cultivar identification and genetic diversity of many plants. RAPD analysis has been used for genetic diversity of wild gardenia populations in Korea (Huh and Choi, 2005) .
The objective of this research was to determine if cultivars of the florist gardenia could be identified using isozyme analysis or RAPD markers. Other species Gardenia were included both because of their availability but also because of their use in landscapes.
MATERIALS AND METHODS

Isozyme Study
Mature leaves of nine varieties of G. augusta were collected from plants growing at the Harold Lyon Arboretum of the University of Hawaii and from plants growing at the research facility of the Horticulture Department, University of Hawaii. Isozymes were extracted by grinding leaves in a mortar and pestle at 4°C using modified Bousquet's (1987) buffer. Extracts were absorbed onto filter paper wicks and inserted into 12% (w:v) hydrolyzed potato starch gels (Sigma Chemicals, St. Louis, MO) prepared with histidine citrate gel buffer (3 H 2 O:1 tray buffer, pH 6.5). Gels were electrophoresed for 6h in 65 mM histidine -7 mM citrate (pH 6.5) tray buffer at constant 15 V/cm and 4°C. Isozyme variation was investigated in seven enzyme systems, but genetic interpretations were possible only for PGI, PGM, and UGPP. Gardenia accessions were scored for the presence or absence of 20 isozyme alleles at five loci, and relationships based on Simple Matching or Jaccard's similarity coefficients were displayed in dendrograms constructed using NTSYS-pc (version 1.80, Exeter Software, Setauket, NY) and an UPGMA model.
RAPD Marker Analysis
Mature leaf samples for 17 cultivars of Gardenia augusta, four of G. brighamii, one G. taitensis, a cultivar of unknown origin ('Heaven Scent'), and an outlier, Tabernaemontana africana, were extracted using a modified version of the DNeasy Mini Kit (QIAGEN, Inc., Valencia, CA, USA) extraction protocol using 50 mg of frozen tissue. The tissue was originally ground in 1 mL of a solution containing 0.35 M sorbitol, 0.1 M Tris (pH 8.0), 0.025 M EDTA (pH 8.0) with 4.75 mg . ml -1 sodium bisulfate and 0.1% Triton X-100 added just prior to use. The tissue/grinding buffer mixture was centrifuged at 800 g for 20 min and the supernatant discarded. Extraction was performed according to the QIAGEN protocol. Yields were low so no DNA dilution was necessary for amplification. Nine random 10-mer RAPD primers (A-04, A-05, A-15, B-17, B-18, B-20, C-09, C-16, and C-19) (Operon Technologies, Alameda, CA, USA) were selected for analysis. Amplification for RAPD was performed using 10 ng of template DNA, 5 pM of primer and Ready-To-Go PCR Beads (27-9555-01, Amersham Pharmacia Biotech, Pharmacia Biotech Inc., USA) for a total volume of 25 µl. Amplification was performed in a PTC-100 programmable thermal cycler (MJ Research, Watertown, MA, USA). The PCR profile consisted of one cycle of 3 min at 94°C, and then 36 cycles of 5s at 94°C, 1 min at 37°C, 1 min at 72°C, followed by 3 min at 72°C.
Amplified products were separated on a 1.7% agarose gel in 1X TBE buffer at 105 volts for 3h and stained with ethidium bromide (5 ug/ml). The gels were digitally documented using an image analyzer (AlphaImager 2000, Alpha Innotech Corp., San Leandro, CA, USA). The digital image files were transferred as a TIFF image to an IBM computer and analyzed using the ONE-Dscan gel analysis software (Scanalytics, Fairfax, VA). The molecular size of each fragment was estimated based on a 100 bp DNA Ruler (Fermentas, MD) according to the algorithm provided in the ONE-Dscan software. The amplified bands were scored as diallelic for each assigned locus (1=band present; 0=band absent) to compile a data matrix.
Data Analysis of RAPD Markers
Analysis of the RAPD markers was based on three assumptions: (1) each RAPD marker represented a single locus comprising two alleles, a marker allele (amplified product present) and a non-marker allele (no amplified product present); (2) RAPD markers were inherited in a dominant fashion with the marker allele dominant to the nonmarker allele; (3) Co-migrating bands from different populations represent homologous amplified products.
Missing and misread bands were added or deleted by hand after initial computer scoring. Band presence was scored liberally to ensure the maximum number of bands for analysis. Because of the nature of the software and flaws in the gels (i.e., smiling), comigrating bands were not always read as such. To rectify this situation an initial matrix was generated from the raw data for each gel based on the percent migration (%Rf) of the scored bands. This matrix was used to align the co-migrating bands by visually checking that bands with similar % Rf values were marked as homologous. The resulting matrix was converted into a presence/absence (A/T) matrix using a spreadsheet program. This matrix was then used for analysis using MEGA version 2.1 (Kumar et al., 2004) . Data was classified as nucleotide data that was non-protein coding. Phylogenies were determined using UPGMA with a p-distance model. Bootstrap values were determined using 1,000 replications.
RESULTS AND DISCUSSION
Three enzyme systems (5 loci), phosphoglucomutase (PGM), uridine-diphosphoglucose-pyrophosphorylase (UGPP) and phosphoglucoisomerase (PGI), were successful in separating most of the G. augusta cultivars but could not uniquely fingerprint all of the accessions (Fig. 1) . The 'Aimee Yoshioka' plants at Lyon Arboretum had been obtained from a commercial grower and was assumed to be representative of this cultivar. The 'Aimee Yoshioka' grown in containers from cuttings received from a mainland nursery source and the common gardenia matched with the Lyon Arb. 'Aimee Yoshioka' and we believe this is correct. The Lyon 12 and Lyon 19 accessions were matched, but an important difference was that Lyon 19 and its sister plants flowered much later (late JulyAugust) than did Lyon 12 and its sister plants (April-May). The grower providing the original plant material did not have names for these cultivars, but suggested either 'Glazerii' or 'Belmont' might be applied to one or the other. 'Belmont' (US Plant Patent 93, 1934) is a vigorous grower with 10 to 12.5 cm blooms and did not seem to fit with the morphological description, while 'Glazerii' is a compact grower with flat blooms and might fit Lyon 19 as it is an early blooming cultivar in Florida (Ruppert and Bradshaw, 1993) . Unfortunately, verified cultivar material was not available for comparison. 'Miami Supreme' (US Plant Patent 622, 1944) has large camellia-like blooms and is reported to be a sport of 'Veitchii,' but in the isozyme analysis, it appears on a separate branch from Veitchii Lyon 28.
The nine 10-mer RAPD primers were sufficient to identify each of the G. augusta accessions by providing a unique marker fingerprint and clearly separated the species gardenia and the Tabernaemonta outlier (Fig. 2) . The arboretum-grown plants (Lyon 21 = 'Aimee Yoshioka') and the container-grown plants of 'Aimee Yoshioka' showed a low bootstrap value (36) for differences and likely represent the same material, but the common gardenia, which was grouped with these plants in the isozyme analysis fell some distance away. Lyon 17 and Lyon 19 were on the same branch but with high bootstrap values, suggesting they were different. The 'Babi Root' and 'Veitchii' cultivars could, perhaps, be related although there appeared to be some morphological differences in growth habit and leaf size between these. After all, gardenia is reported to sport readily (Watkins, 1950) and the small flower size of 'Babi Root' is not too different from 'Veitchii' although its growth habit is more vigorous, at least as represented by our potted material. The cultivars 'Arrow Gardenia,' 'Powder Puff,' and 'Bushnell' were received from one nursery and grown as container plants, and their differences, both in the RAPD marker analysis and morphologically, did not appear great; these were not analyzed in the isozyme study. While Lyon 12 appeared in the same branching split as these three, the difference between the field-grown Lyon 12 and the three container-grown cultivars made comparisons of plant habit, flower size, and flowering season less valid and we cannot draw a conclusion about relationships for these four materials.
While the species gardenias (G. brighamii, G. manii, G. taitensis and G. remyi) were uniquely identified by different genetic marker phenotypes, the status of G. manii and G. taitensis as species distinct from G. brighamii was not clearly demonostrated, particularly by the isozyme data. The Hawaii native G. brighamii is known from only small populations in the wild although it is found on Oahu, Maui, Molokai, and Lanai (Wagner et al., 1990) . From this limited germplasm, it has been disseminated into the nursery trade and local landscapes. Isozyme and RAPD data appear useful to sort out some of the genetic diversity, although seedling populations of G. brighamii from the nursery trade are likely to complicate this task. In this study, only a few provenances were known, and cultivated plants are identified here by where they were growing at the University of Hawaii or Lyon Arboretum. A new introduction in the nursery trade, 'Heaven Scent,' appears to fall within in the species grouping rather than the G. augusta group, but with more than 250 species of Gardenia, this one is, as yet not identified to a species. Huh and Choi (2005) pointed out that RAPD markers allowed them to discriminate among populations which could not be distinguished on the basis of allozyme analysis; thus the DNA-based systems would appear to be appropriate to delve further into the differences between closely related cultivars of G. augusta as well as the evolving landscape assortment of G. brighamii plants offered by the nursery trade. Tables   Table 1. Characteristics of some Gardenia augusta clones used in this study.
Chianna (Lyon Arboretum No. 15, 16, 17) Upright; short internodes; leaves to 7 cm long, glossy, dark green, broadly elliptic with L/W ratio of 1.78. Flowers: 10-12 cm diam., 3 whorls of petals, with counts of 18 to 24, corolla tube 2.5 to 3 cm long. Calyx: 2 to3 cm long, including lobes. Flowering mid-April through June (Hawaii). Miami Supreme (Lyon Arboretum No. 24, 25, 26) Tall, floppy plant, branches well, long internodes; leaves to 15 cm long, somewhat glossy, dark green, oblanceolate with L/W ratio of 2.5. Flowers: 10-13 cm diam., 6 or 7 whorls of petals, with counts of 42 to 51 petals and staminodes, corolla tube 3.5 cm long. Calyx: 3 cm long, including lobes. Flowering late March through July (Hawaii). Aimee Yoshioka (Lyon Arboretum No. 21, 22, 23) Moderate growth, not heavily branched, long internodes; leaves to 12 cm long, dark green, broadly elliptic, with L/W ratio of 2.18. Flowers: 9 to 10 cm diam., 6 or 7 whorls of petals, with counts of 36 to 42 petals, corolla tube 3 cm long and up to 1 cm thick. Petals roll longitudinally, yellowing with age. Calyx: 3 to 4 cm long, including lobes. Calyx retained on bush after corolla abscises. Short flowering season in Hawaii: late April to mid-June. Veitchii (Lyon Arboretum No. 27, 28, 29) Small plant, twiggy, compact; leaves to 7 cm, medium green, elliptic, with L/W ratio of 2.17. Flowers: to 7.5 cm, 3 whorls of petals, with counts up to 28 petals and staminodes, corolla tube 3 cm. Calyx: 2 cm, including lobes. Light scattered flowering from April through July (Hawaii). Lyon No. 2, 3, 4, 5 Upright, tall, with little basal branching; leaves to 8 cm, dark green, elongated-elliptic with L/W ratio of 2.6. Flowers: 7.5 to 10 cm diam., 4 or 5 whorls with counts of 30 to 35 petals and staminodes, corolla tube 3 cm. Flowers brown readily. Calyx: 3 cm, including lobes. Long flowering season: May to August (Hawaii). Lyon No. 6, 7, 8, 9 Upright, good branching, long internodes; leaves: to 9 cm, light green, glossy, broadly elliptic to oblanceolate, with L/W ratio of 2.4. (No data on flowers other than observations that the flower browns readily. Calyces retained after corolla abscission.) Flowering mid-May to mid-July (Hawaii). 
